We report the case of an obese 79-year-old woman who experienced postprandial hypoglycemia in the morning. The serum immunoreactive insulin (IRI) and C-peptide levels responded in parallel with her serum glucose level during a 75-g oral glucose tolerance test. A prolonged fast test lowered her serum glucose level to 30 mg/dL, but serum IRI was not fully suppressed. Abdominal computed tomography revealed a tumor in the uncinate process of the pancreas. The tumor was histologically diagnosed as benign insulinoma after surgery. Therefore, glucose-responsive insulinoma as well as reactive hypoglycemia should be considered in patients who exhibit postprandial hypoglycemia.
Introduction
Insulinomas are the most common cause of endogenous hyperinsulinemic hypoglycemia in adults (1) . Recent research in Japan has also revealed that insulinomas are the leading causes of Japanese endogenous hypoglycemia, followed by insulin autoimmune syndrome (IAS) (2) . Neuroglycopenic episodes during fasting are a typical clinical feature of insulinoma (3) . In contrast, hypoglycemic symptoms occur postprandially in patients with reactive hypoglycemia (4) . Patients with the dumping syndrome after gastrointestinal surgery or those with early diabetes mellitus may develop reactive hypoglycemia if there is an excessive delay in insulin secretion when blood glucose levels decrease. It is sometimes difficult to distinguish insulinoma from reactive hypoglycemia if the patient exhibits hypoglycemic symptoms postprandially but not in the fasting state. This report describes a patient with insulinoma who exhibited the following endocrinological features: (i) postprandial hypoglycemic symptoms in the morning but not in the fasting state or in the afternoon; and (ii) glucose-responsive endogenous insulin secretion, which was observed on a 75-g oral glucose tolerance test.
Case Report

Methods
A chemiluminescent-immunoassay (CLIA) with a detection limit of 0.01 ng/mL was used to determine the serum C-peptide (CPR) level (ARCHITECT C-Peptide kit; Abbott Japan Co., Ltd., Chiba, Japan); the intra-and inter-assay coefficients of variation are <10% and <10%, respectively. The cross-reactivity of the assay with proinsulin is less than 40%, and no cross-reactivity is observed with insulin. The values can be converted from ng/mL to pmol/L by multiplying with a factor of 333. The serum immunoreactive insulin (IRI) level was determined using the ARCHITECT Insulin kit (Abbott Japan Co., Ltd.), a CLIA with a detection limit of 1 mU/L; the intra-and inter-assay coefficients of variation are <16% and <10%, respectively. The cross-reactivity of the assay with proinsulin is <0.1%. The values can be converted from mU/L to pmol/L by multiplying with a factor of 7.175. A radioimmunoassay with a detection limit of 2 pmol/L was used to determine the serum proinsulin 
Case report
We report the case of a 79-year-old woman who was admitted to our hospital because of hypoglycemia. At the age of 69, her family physician diagnosed her with hypertension, dyslipidemia, and bronchial asthma for which he prescribed valsartan and amlodipine, atorvastatin, and seratrodast, respectively. The patient had not received sulfonyl urea therapy or supplemental medicines such as α-lipoic acid, and had no history of surgery. At the age of 77, she started experiencing general fatigue and palpitation almost every day for approximately 2-3 hours after breakfast. Her symptoms appeared only in the morning, and they disappeared when she ate sweet food. Her height, body weight, and body mass index were 147 cm, 69 kg, and 32.3 kg/m 2 , respectively. She had gained 5 kg for 2 years. Laboratory tests prescribed by her family physician revealed high serum IRI levels, and she was referred to our hospital for further evaluation. The patient had no family history of diabetes mellitus or endocrinopathy. The laboratory and endocrinological data are summarized in Table 1 . Her fasting serum glucose (74 mg/ dL) and HbA1c (5.5%) levels were within the normal range. On the basis of the endocrinological examination, adrenal insufficiency and hypopituitarism were not considered in the differential diagnosis. Multiple endocrine neoplasia type 1 was excluded because the serum levels of intact parathyroid hormone (PTH), calcium, and phosphorus were normal.
The patient's daily serum glucose profile at the time of admission is shown in Table 2 . Analysis of the samples collected at the time at which the patient experienced general fatigue 3 hours after breakfast revealed that the serum glucose and IRI levels were 59 mg/dL and 28.9 mU/L, respectively. She completely recovered from her symptoms on oral ingestion of 10 g glucose, thus confirming that her symptoms were due to hypoglycemia.
A 75-g oral glucose tolerance test (OGTT) revealed that glucose tolerance was normal and both her serum IRI and CPR levels responded well in parallel with her serum glucose levels ( Table 3) . Symptoms of hypoglycemia were not observed after the OGTT. Next, the patient was subjected to a prolonged supervised fast that was terminated prematurely after 20 hours because she started exhibiting neuroglycopenic symptoms, including anxiety and confusion. Blood samples taken while the symptoms were present revealed serum glucose, IRI, CPR, proinsulin, and β-hydroxybutyrate levels of 30 mg/dL, 29.1 mU/L, 4.12 ng/mL, 134 pmol/L, and 110 μmol/L, respectively. Intravenous administration of 1 mg glucagon increased her serum glucose level from 30 mg/dL to 81 mg/dL (Table 4) . Taken together, these results, i.e., the unsuppressed serum IRI and CPR levels, normal serum β-hydroxybutyrate level in spite of hypoglycemia, and significantly increased serum glucose level after glucagon stimulation, confirmed the biochemical diagnosis of functioning insulinoma (6) .
Next, we tried to locate the insulinoma. Abdominal iodine-enhanced computed tomography (CT) revealed a hy- pervascular mass (diameter, 15 mm) in the uncinate process of the pancreas (Fig. 1) . We also performed the selective arterial calcium injection (SACI) test according to previously published procedures (7) . Briefly, after injecting calcium gluconate (0.05 mg/kg body weight) into the splenic artery (SA), right hepatic artery (RHA), dorsal pancreatic artery (DSA), and gastroduodenal artery (GDA), blood samples were collected from the right hepatic vein every 30 s for 180 s. A selective 17-fold increase in IRI was observed in the sample collected after calcium injection into the GDA region (Fig. 2) ; this finding confirmed that the tumor identified in the uncinate process of the pancreas by abdominal CT is the insulinoma responsible for hyperinsulinemic hypoglycemia. Hypoglycemia disappeared after laparoscopic enucleation of the tumor. Histological examination of the resected tumor showed monotonous sheets of round tumor cells, and this finding was consistent with the diagnosis of insulinoma. Immunohistochemical analysis revealed positive immunostaining for insulin in the tumor cells (Fig. 3) . The mindbomb homologue 1 (MIB-1) index value, which is a widely validated histological prognostic marker for tumors (8), was less than 2% (data not shown), indicating that the insulinoma cells in our patient were not malignant.
T a b l e 4 . A P r o l o n g e d S u p e r v i s e d F a s t F o l l o we d b y Gl u c a g o n S t i mu l a t i o n T e s t
Discussion
In this report, we describe the case of a patient with insulinoma who exhibited symptoms of hypoglycemia only during the postprandial period in the morning. The typical clinical symptoms of hypoglycemia in cases with insulinomas are observed during fasting (3, 6). Because our patient always experienced the symptoms of general fatigue and palpitation at approximately 10:00 or 11:00 AM and not before breakfast, we initially suspected that she had reactive hypoglycemia. In fact, her serum glucose level at the time at which the symptoms of hypoglycemia were present 11:00 AM (59 mg/dL) was lower than that before breakfast at 8:00 AM (98 mg/dL) on the same day (Table 2) . Reactive hypoglycemia is typically characterized by abrupt and exaggerated increase of serum IRI levels followed by hypoglycemia whereas insulinoma is characterized by relative high levels of serum IRI during hypoglycemia. The result of the 75-g OGTT revealed that the patient had normal glucose tolerance, an increased homeostasis model assessment insulin resistance (HOMA-IR) score of 3.19, and a normal insulinogenic index of 0.86. The serum IRI responded well in parallel with the serum glucose concentration. Reactive hypoglycemia is relatively common after gastric surgery. It is an otherwise rare condition but may be caused by IAS and alcohol abuse-induced or mild diabetes mellitus (4). We excluded diabetes mellitus and IAS on the basis of the results of the 75-g OGTT and the negative results for the insulin antibody test, respectively, and also because she was not a habitual alcohol drinker. Insulinoma, which is a rare tumor (4 cases per million person-years) but the most common cause of endogenous hyperinsulinemic hypoglycemia in adults (1, 2) , is an important differential diagnosis in such cases in which hypoglycemia develops postprandially (9) , and a 48-72 hours fast can aid in the diagnosis of insulinoma. Therefore, the patient was subjected to a prolonged supervised fast. Contrary to our expectations, the findings of the prolonged fast led to a biochemical diagnosis of insuli- Ho r i z o n t a l ( A) a n d s a g i t t a l ( B ) s e c t i o n s o f a n e n h a n c e d CT s c a n o f t h e p a n c r e a s . A h y  p e r v a s c u l a r t u mo r , 1 5 mm i n d i a me t e r , wa s s e e n i n t h e u n c i n a t e p r o c e s s o f t h e p a n c r e a s ( a r r o w  h e a d ) . d o r s a l p a n c r e a t i c a r t e r y , a n d g a s t r o d u o d e n a l a r t e r y . DP A:  d o r s a l p a n c r e a t i c a r t e r y , GDA: g a s t r o d u o d e n a l a r t e r noma. In addition, the results of the CT scan and SACI test supported this diagnosis that was finally confirmed by histological examination of the resected tumor.
F i g u r e 2 . Re s u l t s o f t h e S ACI t e s t . E a c h l i n e r e p r e s e n t s t h e I RI l e v e l s i n t h e r i g h t h e p a t i c v e i n a f t e r c a l c i u m g l u c o n a t e wa s i n j e c t e d i n t o t h e s p l e n i c a r t e r y , r i g h t h e p a t i c a r t e r y ,
To date, several case reports on patients with insulinoma who exhibited postprandial hypoglycemia have been published (10) (11) (12) (13) . Recently, Placzkowski et al (14) reported that 6% of the patients (13 of 214 patients) with insulinomas at the Mayo Clinic exhibited postprandial hypoglycemia. Of the 13 patients with insulinoma who exhibited postprandial symptoms, negative results for the 72-hour fast test were obtained in 3 cases, and a positive result in 5; biochemical confirmation of insulinoma could not be achieved for the remaining 5 patients, suggesting that insulinomas have diverse characteristics. Saddig et al studied 64 patients with insulinomas and reported 3 OGTT insulin-secretion patterns in these patients: (i) autonomous-secretion pattern without distinctive secretory bursts, (ii) inadequate-suppression pattern without distinctive secretory bursts, and (iii) late-burst secretion pattern (15) ; thus, the data from this study also suggest that insulinomas have varied characteristics of glucose sensing and insulin secretion during glucose overload. Several hypotheses in terms of the mechanism underlying glucose sensing in insulinoma cells were described. Insulinoma cells obtained by surgical resection contained Glut 1, a low-Km glucose transporter protein, which is not normally present in β-cells whereas Glut 2, a high-Km glucose transporter protein, which is normally prevalent in β-cells, was undetectable or present in low concentration (16, 17) , suggesting that abnormal distribution of glucose transporters probably relates to the abnormal glucose sensing of insulinoma cells. Furthermore, experimental data revealed that insulinoma cell lines stably transfected with combinations of genes encoding human insulin, Glut 2, and glucokinase conferred glucose dose-dependent insulin secretion (18) . Taken together, varied characteristics of glucose-responsiveness in insulinomas may depend on the expression levels of Glut 2 and glucokinase. We speculate that the present case demonstrating both prolonged fasting-induced and glucose-responsive hypoglycemia may have Glut 2 proteins and glucokinase activities in her insulinoma cells although unfortunately we failed to confirm the distribution of glucose transporters in the cells obtained from our patient.
Another feature of this case is that our patient experienced symptomatic hypoglycemia only in the morning. Indeed, her daily serum glucose profile revealed that the serum glucose levels in the afternoon and at midnight were more than 100 mg/dL whereas those in the morning tended to be lower than normal. Although the reason for the diurnal change in her serum glucose level is unclear, it is possible that postprandial hypoglycemia is more likely to occur in the morning because of the intake of a meal after a long overnight fast than at any other time in the day (Table 2) . Alternatively, since the patient works in the field every morning, exercise-induced hypoglycemia may have developed. Exercise is also an important factor in the pathogenesis of insulin-induced hypoglycemia (19) . To the best of our knowledge, this is a rare case with insulinoma in whom we clarified both prolonged fasting-induced and glucoseresponsive postprandial hypoglycemia occurred exclusively in the morning. Further studies are required to elucidate the molecular mechanism underlying the induction of hypoglycemia in such cases. Mi c r o s c o p i c e x a mi n a t i o n o f t h e r e s e c t e d t u mo r . L e f t p a n e l : He ma t o x y l i n E o s i n s t a i n e d s e c t i o n o f t h e t u mo r ( × 2 0 0 ) . Ri g h t p a n e l : I mmu n o h i s t o c h e mi c a l s t a i n i n g f o r i n s u l i n ( × 2 0 0 ) .
In conclusion, we diagnosed functional insulinoma in an elderly patient who exhibited postprandial hypoglycemia in the morning. This case highlights the importance of considering not only reactive hypoglycemia but also glucoseresponsive insulinoma in patients who exhibit postprandial hypoglycemia.
